ENGINE FUEL INJECTION CONTROL DEVICE 

FIELD OF THE INVENTION 

[0001] This Invention relates to engine fuel injection control under transient 
operating conditions. 

BACKGROUND OF THE INVENTION 

[0002] JPl 1-173188A published by the Japanese Patent Office In 1999 discloses 
a method of correcting the fuel supply amount during a startup period of an 
engine in response to the engine rotation speed. The startup period Is defined as 
the period from initial combustion to complete combustion of the engine. Initial 
combustion is the first combustion after starting cranking of the engine with the 
starter motor. Complete combustion is a combustion state under which the 
engine rotates under its own power. 

[0003] When the engine is started at a low temperature, the rotation speed is 
low due to the fact that friction creates high levels of resistance to rotation in the 
engine. The prior art technique achieves a preferred output torque by performing a 
correction to increase fuel supply when the rotation speed is low during the 
startup period. 

SUMMARY OF THE INVENTION 



[0004] When starting the engine, a portion of fuel injected during initial 
cranking forms a wall flow adhering to the intake valve or the wall face of the 
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Intake manifold. Consequently there Is a time lag in the fuel supply to the fuel 
chamber due to the delay with which fuel in the wall flow reaches the combustion 
chamber when compared to fuel vapor flowing into the engine combustion chamber. 
As a result, there is a tendency for the air-fuel ratio of the gaseous mixture 
produced In the combustion chamber to be lean when the engine is accelerating. 
[0005] The prior art technique increases the fuel supply the lower the rotation 
speed in order to take the wall flow amount into consideration when the rotation 
speed Increases after Initial combustion. However when the engine rotation speed 
decreases due to some cause during the startup period, there is a tendency for the 
air-fuel ratio of the gaseous mixture in the combustion chamber to be enriched by 
the Inflow of fuel into the combustion chamber due to wall flow that was formed 
previously. If the increase correction of fuel supply depending on the rotation 
speed as described above is applied under these conditions, the gaseous mixture in 
the combustion chamber displays an excessively rich air -fuel ratio which increases 
fuel consumption and has an adverse effect on exhaust emission control. 

[0006] When fuel Is Injected on each combustion cycle, the formation of wall 
flow results in a lean air fuel ratio on the Initial cycle. In contrast, since the 
existing wall flow reaches the combustion chamber on the second and subsequent 
cycles, the decrease In the fuel supply attributable to wall flow is reduced. If this 
difference is not taken into account, it is not possible to perform accurate control 
of the air-fuel ratio of the gaseous mixture combusted on each cycle. 

[0007] It is therefore an object of this invention to optimize air -fuel ratio 
control during the engine startup period. 

[0008] In order to achieve the above object, this invention provides a fuel 
injection control device for a spark Ignition engine having a fuel Injector in an 
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intake port, comprising an engine rotation speed sensor detecting an engine rotation 
speed, and a controller programmed to calculate a basic injection amount of fuel 
calculate a target fuel injection amount by correcting the basic fuel amount In 
response to the trend in variation of the engine rotation speed, and 

[0009] control a fuel injection amount of the fuel Injector to the target fuel 
injection amount. 

[0010] This Invention also provides a fuel Injection control method for a 
spark ignition engine having a fuel Injector in an intake port. The method 
comprises determining an engine rotation speed, calculating a basic injection 
amount of fuel, calculating a target fuel injection amount by correcting the basic 
fuel amount in response to the trend in variation of the engine rotation speed, 
and controlling a fuel injection amount of the fuel injector to the target fuel 
injection amount. 

[00111 The details as well as other features and advantages of this invention 
are set forth In the remainder of the specification and are shown tn the accompan 3 tog 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a schematic diagram of an engine to which this invention is 
applied. 

[0013] FIG. 2 is a block diagram showing the function of a controller according 
to this invention. 

[0014] FIG. 3 is a flowchart showing a fuel injection control routine during 
engine startup executed by the controller. 
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[0015] FIG. 4 is a diagram showing the relationship between an engine 
rotation speed and an injection pulse width increase ratio KNST1 during engine 
startup according to this Invention. 

[00161 FIGs. 5A-5F are timing charts for explaining the effect on control of 
the difference in the methods of correcting the fuel Injection amount. 

[0017] FIGs. 6A-6F are timing charts showing the effect of fuel injection 
control according to this invention. 

[0018] FIG. 7 is a flowchart showing a subroutine for switching the correction 
map executed by the controller according to a second embodiment of this invention. 
[0019] FIGs. 8A-8C are diagrams showing the characteristics of the correction 
map stored in the controller according to the second embodiment of the invention. 
[0020] FIGs. 9A-9F are timing charts showing the effect on control of the 
switching of the correction map. 

[0021] FIGs. lOA-lOI are timing charts showing the fuel injection pattern 
during startup executed by the controller at normal water temperature according 
to the first and the second embodiments of this invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0022] Referring to FIG. 1 of the drawings, a four-stroke four-cylinder gasoline 
engine 2 to which this invention is applied comprises an Intake pipe 3 connected 
to the combustion chamber 6 via an intake valve 20 provided in an intake port 7 
and an exhaust pipe 23 connected to the combustion chamber 6 via an exhaust 
valve 21 provided in an exhaust port 22. 

[0023] An electronic throttle 5 is provided in the intake pipe 3. A fuel 
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Injector 8 Is provided in proximity to the intake valve 20 in the Intake port 7. A 
fuel injector 8 is provided for each cylinder . Gasoline fuel is supplied at a fixed 
pressure to the fuel injector 8. When the fuel injector 8 is lifted, an amount of 
gasoline fuel which corresponds to the lift period is injected towards the intake air 
from the intake port 7. The injection timing and the fuel injection amount from 
each of the fuel Injectors 8 is controlled by a pulse signal output from the 
controller 1 to each fuel injector 8. The fuel injector 8 initiates fuel injection 
simultaneously with the input of the pulse signal and injection is continuously 
performed during an interval equcd to the pulse width of the pulse signal. 

[0024] A gaseous mixture with a fixed air-fuel ratio is produced in the 
combustion chamber 6 of each cylinder as a result of the fuel injection from the 
fuel injector 8 and the intake air from the intake pipe 3. A spark plug 24 facing 
the combustion chamber 6 is sparked in response to a high-voltage current produced 
by an Ignition coil 14 and ignites and bums the gaseous mixture in the combustion 
chaunber 6. 

[0025] The controller 1 comprises a microcomputer provided with a central 
processing unit (CPU), a read-only memory (ROM), a random access memory 
(RAM) and an input/output interface (I/O mterface). The controller 1 may comprise 
a plurality of microcomputers. 

[0026] A plurality of parameters related to fuel injection control are input 
into the controller 1. In other words, signals representing detection data are input 
to the controller 1 from an air flow meter 4 detecting the intake eiir amount in the 
engine 2, a crank angle sensor 9, a cam position sensor 11, an ignition switch 13, 
a water temperature sensor 15 detecting the cooling water temperature of the 
engine 2 and an oxygen sensor 16 detecting the oj^gen concentration in the 
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exhaust gas from the engine 2. 

[0027] The crank angle sensor 9 outputs a REF signal when the crankshaft 
10 of the engine 2 arrives at a reference rotation position. Furthermore a POS 
signal is output when the crankshaft 10 rotates through a unit angle which is set 
for example at one degree. The REF signal corresponds to the first speed signal 
and the POS signal corresponds to the second speed signal in the Claims. The 
cam position sensor 11 outputs a PHASE signal in response a specific rotation 
position of the cam 12 driving the exhaust valve 21. 

[0028] The ignition switch 13 is used to start the operation of the starter 
motor cranking the engine 2 on the basis of the output of a start signal. The 
ignition switch 13 also outputs an ignition signal to the ignition coll 14 at a fixed 
timing so as to cause the spark plug 24 to spark. 

[0029] Referring to FIG. 2, the controller 1 comprises a startup initiation 
discrimination section 101, a cylinder discrimination section 102, a rotation speed 
signal production section 103, an injection pulse width calculation section 104, 
an injection startup timing calculation section 105 and an injector drive signal 
output section 106. These sections are virtual units representing the functions of 
the controller 1 and do not have physical existence. 

[0030] The startup initiation discrimination section 101 detects startup of 
cranking of the engine 2 based on the start signal and the Ignition signal from the 
ignition switch 13. Engine startup is determined when both the start signal and 
the ignition signal are in the ON position. 

[0031] The cylinder discrimination section 102 uses the POS signal output by 
the crank angle sensor 9 and the PHASE signal output by the cam position sensor 
11 in order to determine the respective stroke positions of the four cylinders #1 - 
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#4 of the engine 2. In the description hereafter, this determination is termed 
cylinder discrimination. As shown in FIGs. lOA-lOI, the stroke positions of the 
four-stroke engine comprise an mtake stroke, a compression stroke, an expansion 
stroke and an exhaust stroke. 

[ 0032 ] The rotation speed production section 103 calculates the engine rotation 
speed LNRPM based on the output Interval of the REF signal from the crank angle 
sensor 9. The rotation speed production section 103 also calculates the engine 
rotation speed FNRPM based on the output mterval of the POS signal from the 
crank angle sensor 9. 

[ 0033 ] During normal operation of the engine 2, the injection pulse width 
calculation section 104 calculates the basic fuel injection pulse width by looking 
up a pre-stored map based on the engme rotation speed calculated by the rotation 
speed signal production section 103 and the air mtake amount detected by the air 
flow meter 4. The mjection pulse width calculation section 104 determines the 
injection pulse width by appl 3 dng a correction to the basic fuel injection pulse 
width so that the gaseous mixture m the combustion chamber 6 coincides with a 
fixed target air-fuel ratio. The fuel correction amount is calculated based on the 
oxygen concentration in the exhaust gas detected by the oxygen sensor 16 and the 
coolmg water temperature detected by the water temperature sensor 15. 

[ 0034 ] During engine startup, the mjection pulse width calculation section 
104 determines the fuel mjection pulse width using a method described hereafter 
which differs from the method for normal operatmg states. 

[ 0035 ] The injection initiation timing calculation section 105 calculates the 
initial timing of the fuel injection based on the injection pulse width and the 
engme rotation speed. 
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[00361 The injector drive signal output section 106 outputs a pulse signal to 
the fuel Injector 8. The pulse signal is determined based on the injection pulse 
width and the startup timing for fuel injection. 

[0037] Next referring to FIG. 3, a startup fuel Injection control routine performed 
by the controller 1 having the above structure when starting the engine 2 wUl be 
described. This routine is executed at an Interval of ten milliseconds irrespective 
of whether the engine 2 is operating or not. 

[0038] Firstly in a step SI. the controller 1 determines whether or not the 
ignition signal is ON . When the ignition signal is not ON , the routine is immediately 
terminated. Consequently operation of this routine is substantially limited to 
periods in which the Ignition signal is ON. 

[0039] When the ignition signal is ON. in a step S2, the controUer 7 determines 
the fuel injection pattern during startup based on the cooling water temperature. 
Normal fuel Injection of the engine 2 is performed by sequential injection into 
each cylinder. In the step S2. a specific injection timing is set for startup in 
response to the coolmg water temperature. 

[0040] Referring to FIGs. lOA-lOI. the startup fuel Injection pattern will be 
described in detail. Apart from hot restart when the engine 2 is completely 
warmed up. when the first f?EF signal is detected before cylinder discrimination, 
this engine 2 performs a pilot injection using a fixed amount of fuel into all 
cylinders. The purpose of the pilot Injection is to pre-form wall flow conditions. 
After the pilot injection, cylinder discrimination is performed for the first time and 
sequential fuel mjection is performed. The expression “initial fuel mjection” used 
in the description below refers to fuel injection executed for the first time after the 
initial cylinder discrimination and does not mdude the pilot Injection. 
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[ 0041 ] The pattern of fuel Injection into each cylinder differs depending on 
the cooling water temperature. 

[ 0042 ] As shown In FIGs. lOE and lOG, when the cooling water temperature 
is greater than or equal to a predetermined temperature, fuel injection is performed 
in the cylinder undergoing the first eMiaust stroke and the cylinder undergoing the 
first intake stroke. Thereafter sequential injection is performed on the exhaust 
stroke of each cylinder. 

[ 0043 ] When the cooling water temperature is less than the predetermined 
temperature, sequential injection is performed on the intake stroke of each cylinder. 
[ 0044 ] Thus in the step S2, the controller 1 selects one of two injection 
patterns based on the coolmg water temperature. 

[ 0045 ] In a step S3, the controller 1 determines whether or not the start 
signal is ON. When the start signal is not ON, the controller 1 terminates the 
routine without proceeding to subsequent steps. Thereafter fuel injection control 
for normal operation as outlined above is performed. Normal operation control is 
performed on the basis of a separate routine. This routine determines the period 
in which the start signal is ON as the startup state of the engine 2. 

[ 0046 ] When the start signal is ON, the controller 1 performs the processing 
of a step S4 and subsequent steps. In this routine, fuel injection is only performed 
when the processing of these steps is performed. In this case, the injection 
pattern selected in the step S2 is used. 

[ 0047 ] In the step S4, the controller 1 determines whether or not an initial 
fuel injection has been performed with respect to the cylinders #l-#4. As described 
above, the initial fuel injection does not include the pilot injection. 

[ 0048 ] With respect to the cylinder for which the determination result in the 
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step S4 is affirmative, in a next step S5, the controller 1 determines not to apply a 
correction on the basis of the engine rotation speed to the fuel Injection amount. 
In this case, a pre-set amount of fuel is used as a target fuel injection amount for 
the initial fuel Injection. After the process in the step S5, the controller 1 
terminates the routine. 

[ 0049 ] With respect to the cylinder for which the determination result in the 
step S4 is negative, the controller 1 determines to applies a correction on the basis 
of the engine rotation speed to the fuel injection amount in a step S6. 

[ 0050 ] Then in a step S7, the target fuel injection amount with, an added 
correction for the engine rotation speed is Calculated. After the process in the step 
S7, the controller 1 terminates the routine. 

[ 0051 ] Next the calculation of the target fuel injection amount performed in 
the step S7 will be described. 

[ 0052 ] In the step S7 , the target fuel Injection pulse width TIST is calculated 
by adding the fuel correction in Equation (1) below to the basic fuel injection 
pulse width. 

[ 0053 ] TIST=TST ■ MKINJ • KNST ■ KTST ■ TATTM ( 1 ) 

where, TST = basic fuel injection pulse width, 

MKINJ = correction factor in response to battery voltage, 

KNST= correction factor in response to engine rotation speed, 
KTST = correction factor based on fuel vaporization 
characteristics, and 

TATTM = correction factor based on air mass variation. 

[ 0054 ] The correction factor /CTSTbased on the fuel vaporization characteristics 
in Equation (1) is a correction factor for correcting variations in the vaporization 
characteristics of fuel injected by the fuel injector 8 as a result of temperature 
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variation in the intake valve 20 as time elapses after cranking startup. The 
correction factor TATTM based on air mass variation is a correction factor for 
correcting variations in the air mass due to atmospheric pressure variation. 

[ 0055 ] The correction factor KNST corresponding to the engine rotation speed 
in Equation (1) will be described hereafter. 

[ 0056 ] The correction factor KNST corresponding to the engine rotation speed 
comprises the Intake negative pressure correction factor emd the wall flow correction 
factor. . 

[ 0057 ] The Intake negative pressure correction factor is a correction factor 
which compensates for the difficulty in developing an intake negative pressure 
downstream of the throttle 5 when the engine rotation speed is low. The Intake 
negative pressure is dominant hi promoting vaporization of injected fuel. 

[ 0058 ] The wall flow correction factor is a correction factor for correcting the, 
inflow delay into the combustion chamber resulting from that portion of fuel 
Injected during startup of the engine 2 which forms wall flow. Either correction 
factor Increases as the engine rotation speed decreases. The wall flow correction 
factor takes a value of zero when the engine rotation speed increases to a certain 
level. 

[ 0059 ] When the correction factor KNST is determined on the basis of the 
above characteristics, even, when the engine rotation speed decreases for some 
reason during startup, a correction factor KNST Is applied which is equcd to that 
used when the rotation speed is increasing at that value. There is the tendency 
for wall flow as described above to enrich the air-fuel ratio of the gaseous mixture 
in the combustion chamber during acceleration and to make the air-fuel ratio lean 
during deceleration. * 
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[0060] Thus when the correction factor KNST for acceleration is used in the 
calculation of the fuel injection pulse width during deceleration, the gaseous 
mixture in the combustion chamber undergoes an excessive enrichment. When 
the air-fuel ratio is excessively enriched, Ignition failure may result in further 
decreases m the engine rotation speed. As a result, there is the possibility that 
the increase in the correction factor KNST will cause a further cycle of enrichment. 
[0061] In order to prevent this consequence, the controller 1 applies the 
method below to the calculation in Equation (1) so that the air-fuel ratio is 
maintained to a suitable level even when the engine rotation speed falls during 
startup. 

[0062] The engine rotation speed which is used as a parameter for setting the 
correction factor KNST may be represented by a rotation speed FNRPM based on 
the POS signal or a rotation speed LNRPM based on the REF signal. In the 
following description, the former is referred to as a POS signal rotation speed 
whereas the latter is referred to as a REF signal rotation speed. 

[0063] When the engine 2 is operating normally, these values are equal. 
However during acceleration or deceleration, the POS signal rotation speed FNRPM 
based on the POS signal which has a high detection frequency takes a different 
value from the REF signal rotation speed LNRPM which is based on the REF signal 
which has a low detection frequency. In other words, during engme acceleration, 
the POS signal rotation speed FNRPM takes a larger value than the REF signal 
rotation speed LNRPM. During engine deceleration, the REF signal rotation speed 
LNRPM takes a larger value than the POS signal rotation speed FNRPM. 

[0064] FIGs. 5A-5F show the difference between determining the correction 
factor /CA/Sr based on the POS signal rotation speed FNRPM and determining the 
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correction factor /CA/S7 based on the REF signal rotation speed LNRPM. "IGN" in 
FIG. 5A denotes the Ignition signal, and "Start SH/" in FIG. 5B denotes the start 
signal. The broken vertical line in the timing chart shows the execution interval 
of the routine. 

[0065] The POS signal rotation speed FNRPM shown in FIG. 5E is updated in 
real time so as to follow the variation in the real engine rotation speed shown in 
FIG. 5B in an accurate manner. This is achieved by frequently detecting the POS 
signal. There is a time lag in updating the REF signal rotation speed LNRPM 
shown in FIG. 5D due to its dependency on the REF signal which has a low 
detection frequency. As a result, during engine acceleration, LNRPM is lower that 
the real engine rotation speed and during deceleration it is higher than the real 
engme rotation speed. 

[0066] The correction factor KNST decreases as the engine speed Increases. 
As a result, the value for the correction factor KNST which is based on the POS 
signal rotation speed FNRPM shown by the solid line in FIG. 5F falls below the 
value for the correction factor KNST based on the REF signal rotation speed 
LNRPM shown by the broken line in the figure. Conversely during deceleration, 
the value for the correction factor KNST which is based on the POS signal 
rotation speed FNRPM exceeds the value for the correction factor KNST based on 
the REF signal rotation speed LNRPM. 

[0067] The controller 1 uses these chsiracteristics m order to set the correction 
factor KNST using both the POS signal rotation speed FNRPM and the REF signal 
rotation speed LNRPM by using Equation (2) below. 

[0068] KNST= KNTS1 + KNSTHOS (2) 

where, KNST1 = correction factor in response to rotation speed FNRPM 
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based on POS signal, 

KNSTHOS= DLTNEGA#. [FNRPM- LNRPM], 

DLTNEGA^ = positive constant, and 

LNRPM = rotation speed based on REF signal. 

[0069] . The correction factor KNSTHOS corresponds to the first correction 
amount and the correction factor KNST1 corresponds to the second correction 
amount in the Claims. According to Equation (2), the correction factor KNST is 
set as a value calculated by adding a correction factor KNSTHOS to the correction 
factor KNST1 based on the POS signal rotation speed FNRPM. The correction 
factor KNSTHOS is calculated from the difference of the /?EF signal rotation speed 
LNRPM and the POS signal rotation speed FNRPM. 

[0070] The correction factor KNST1 is calculated according to the POS signal 
rotation speed FNRPM by looking up a map having the characteristics shown in 
FIG. 4 which is pre-stored in the memory (ROM) of the controller 1. These 
characteristics are basically the same as the characteristics for the correction 
factor KNST described above. A value which corresponds to adding the wall flow 
correction factor to the intake negative pressure correction factor is applied as the 
correction factor KNST1 . 

[0071] On the other hand, the correction factor KNSTHOS during engine 
acceleration is a positive value due to the fact that the POS signal rotation speed 
FNRPM is greater than the REF signal rotation speed LNRPM. Thus the correction 
factor KNST is a value greater than the correction factor KNST1. Conversely 
during engine deceleration, the correction factor KNSTHOS is a negative value due- 
to the fact that the POS signal rotation speed FNRPM is smaller than the REF 
signal rotation speed LNRPM. Consequently under those conditions, the correction 
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factor KNST is a value smaller than the correction factor KNST1. In other words, 
the correction factor KNST during engine deceleration is smaller than the correction 
factor KNST during acceleration with respect to the same engine rotation speed. 
[0072] FlGs. 6A-6F show the variation m the correction factor KNST calculated 
using Equation (2). As shown by the solid line in FIG. 6F while the engine 2 is 
accelerating, the correction factor KNST takes large values. Even at the same 
rotation speed, when the engine 2 is decelerating, the correction factor KNST takes 
small values. The broken line in FIG. 6F shows the value corresponding to setting 
the correction factor KNST to equcil the correction factor KNST1. 

[0073] As described above, this invention adds a correction such that the fuel 
injection amount when the rotation speed decreases during engine startup is 
smaller than the fuel injection amount when the rotation speed increases from 
cranking. Thus even when the rotation speed decreases after starting the engine 2, 
the air-fuel ratio of the gaseous mixture is maintained to a suitable range centering 
on the stoichiometric air-fuel ratio, and the gaseous mixture promoted in the 
engine 2 is prevented from becommg excessively rich. 

[0074] Next referring to FIG. 7, a second embodiment of this invention will 
be described. In this embodiment, the controller 1 executes the subroutine shown 
in FIG. 7 instead of calculating the fuel injection pulse width TIST using Equations 
(1) and (2) in the step S7 of FIG. 3. The process in other steps in the routine 
shown in FIG. 3 is the same as the steps in the first embodiment. 

[0075] Referring to FIG. 7, firstly in a step S8, the controller 1 determines 
whether or not the engine 2 is accelerating. This determination is performed 
based on the variation in the input interval of the POS signal. 

[0076] When the engine 2 is accelerating, in a step S9, the controller 1 
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calculates a correction factor KNST in response to the engine rotation speed based 
on the POS signal rotation speed FNRPM by looking up a first map having the 
characteristics shown in FIG. 8A which is pre-stored in the memory (ROM). The 
curved line in FIG. 8A corresponds to the curved line (l)-(2)-(3) adding the wall 
flow correction to the intake air negative pressure correction (3)-(4) in FIG. 8C. As 
shown in FIGs. 8A-8C. when the engine rotation speed FNRPM is less than a fixed 
speed, the first map applies a correction factor KNST which is larger than that in 
a second map which is shown in FIG. 8B. However when the engine rotation speed 
FNRPM is greater than or equal to the fixed speed, the two maps are set so that 
the same Increase correction is applied. 

[0077] In a next step SIO, a fuel injection pulse width Tl ST is calculated by 
Equation (1) applying the correction factor ACA/S 7 obtained from the first map. 
[0078] However in the step S8, when it is determined that the engine 2 is not 
accelerating, in a step Sll, the controller 1 uses the POS signal rotation speed 
FNRPM to calculate the correction factor KNST corresponding to the engine rotation 
speed by looking up the second map which has the characteristics shown in FIG. 
8B. This map is also pre-stored in the memory (ROM). The curved line in FIG. 8B 
corresponds to the curved line 3)-(4) in FIG. 8C for the Intake air negative pressure 
correction. 

[0079] In a next step SI 2, the fuel injection pulse width TIST is calculated by 
Equation (1) applying the correction factor ACA/S 7 obtained from the second map. 
[0080] After the process in the step S9 or the step SI 2, the controller 1 
terminates the routine. 

[0081] FIGs. 9A-9F show the results of control according to this embodiment. 

[0082] As shown in FIG. 9B, while the engine rotation speed is Increasing 
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from zero after starting cranking, the controller 1 calculates the correction factor 
KNST using the first map containing the wall flow correction factor as shown In 
FIG. 9F. When a decrease in the engine rotation speed is detected while the 
engine 2 is starting, instead of the first map, the controller 1 calculates the 
correction factor KNST using the second map which does not contain the wall flow 
correction factor. 

[0083] The correction factor KNST calculated in this manner Is shown by the 
solid line in FIG. 9F. On the other hand, the correction factor /CA/S 7 calculated 
only using the first map is shown by the broken line m FIG. 9F. As shown in the 
figure, this embodiment also prevents the adverse result that the fuel injection 
amount undergoes an excessive Increasing correction when the engine 2 is 
decelerating. 

[0084] In the step S4 and S5 in FIG. 3, the Injection amount at the initial 
fuel injection for each cylinder is fixed and the correction is not based on the 
engine rotation speed. The reason for this is as follows. 

[0085] Generally when the fuel is firstly injected mto the intake port 7, since 
wall flow is zero, most of the injected fuel becomes wall flow. Consequently when 
the injected amount is calculated by the same method as the injected amount for 
other fuel injection operations, there is a large deviation from the actually required 
fuel Injection amount. 

[0086] Therefore a fuel Injejctlon pattern is set in which a pilot injection is 
performed in all cylinders in order to pre-form a wall flow. Thereafter the initial 
fuel injection is performed in each cylinder. As a result, the formation process of 
the wall flow depends on the timing of the injection. This results in a difference 
between the initial fuel injection and fuel injection operations thereafter. 



- 17 - 




Consequently the calculation of the injection amount for the initial fuel Injection 
does not use the calculation method for the fuel injection amount during subsequent 
fuel injections. The calculation is adapted to avoid a deviation from the actually 
required fuel Injection amount by using a fixed amount which is determined 
beforehand on the basis of experiment. 

[0087J As stated above, since this invention determines the fuel Injection 
amount of the engine 2 at start up in response to the rotation speed of the engine 
2 and the trend in the variation in the rotation speed, it is possible to control the 
air-fuel ratio at engine startup in a suitable manner. 

[0088] The contents of Tokugan 2002-369838, with a filing date of December 
20, 2002 in Japan, are hereby Incorporated by reference. 

[0089] Although the invention has been described above by reference to certain 
embodiments of the Invention, the invention is not limited to the embodiments 
described above. Modifications and variations of the embodiments described above 
will occur-to those skilled in the art, in light of the above teachings. 

[0090] For example, in the step S3 in FIG. 3, when the start signal is ON, it 
is determined that the engine 2 is starting up. However other methods may be 
used in order to determine whether the engine 2 is being started. For example, it 
is possible to regard a fixed period after starting cranking as the startup state of 
the engine 2. Alternatively it is possible to regard the period until the rotation 
speed of the engine reaches a pre-set fixed speed such as the target idling rotation 
speed as the startup state of the engine 2. This invention can be applied without 
reference to a determination method or a detection method for the startup state. 
[0091] In each of the above embodiments, the parameters required for control 
are detected using sensors, but this invention can be applied to any fuel injection 
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control device which can perform the claimed control using the claimed parameters 
regardless of how the parameters are acquired. 

[0092] The embodiments of this invention m which an exclusive property or 
privilege is claimed are defined as follows: 
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